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Introduction
Households have to provide for their members' basic needs, which include goods and services such as food, clothing, and housing. The single largest item in many households' budgets is housing. In recent years, the rising costs of both rental and owner-occupied housing have brought the issue of housing affordability-that is, the ability of households to meet their (basic) housing needs-to the fore as a major issue of public debate. Responses of policy makers to "unaffordable" housing costs include regulation of rental and housing prices, subsidizing housing and rents, the provision of public housing. The German government, for instance, recently instituted new rent-control legislation to ensure that rents remain affordable into the future.
Housing affordability, however, is not directly measurable because it lacks a clear definition. As Quigley and Raphael (2004, p. 191) argue, it is an imprecise concept, mixing up aspects such as "the distribution of housing prices, the distribution of housing quality, the distribution of income, the ability of households to borrow, public policies affecting housing markets, conditions affecting the supply of new or refurbished housing, and the choices that people make."
The present study does not provide an overarching solution to the measurement of "housing affordability." Instead, we focus on a measurable indicator of affordability: households' rent-income ratios and their dependence on household income. If, after controlling for further determinants other than income (i.e., living space, quality of residential space), rent-income ratios systematically increase over time at the bottom of the income distribution, this is an indication that housing has become less affordable.
Despite the great social relevance of housing affordability, the literature on rent-income ratios and their determinants is scarce. One exception for Germany is Frick and Grimm (2009) . The authors find a strong increase of rent prices in eastern Germany and a moderate increase in western Germany during the 1990s. The Federal Statistical Office publishes average rent-income ratios for each county by the number of household members. However, these numbers do not reveal changes in the shape of rent-income ratios. In the international context, an exception is Davis and Ortalo-Magné (2011) .
They find remarkably constant aggregate rent-income ratios for US metropolitan statistical areas between 1980 and 2000. They argue that Cobb-Douglas preferences are responsible for constant housing expenditures in equilibrium. However, they do not analyze the influence of income on the rent-income ratio for individual households. Quigley and Raphael (2004) examine the low-income rental market in the US. They find that the rent-income ratio for the median renter has not increased substantially after the 70s but in lower quintiles of the income distribution ratio has increased slightly. In the period between 1980 and 2000, the median renter in bottom quintile experienced an increase of the rent-income ratio from 53% to 55%. However, they find that at the same time the 2 share of those who spend more than 30% of their income on rent has increased by 10 percentage points to 79% in the first quintile. 1 We contribute to the previous literature by offering a detailed analysis of rent-income ratios and how they change with income. The German Socio-Economic Panel (SOEP) serves as our database (Wagner et al. 2007 ). We estimate rent-income ratios and show how the ratios have changed over the last two decades after conditioning for living space, household composition, region of residence, and other factors.
Our results can be summarized as follows. First, consistent with Frick and Grimm (2009) we find a substantial increase in average rent-income ratios during the 1990s, especially in Germany's new
Laender of the former East Germany. Today, rent-income ratios in the new Laender have reached close to the same level as in the old Laender of the former West. In the last ten years, the rentincome ratio stabilized and has not shown any further trend. One reason for the rise in average rentincome ratios in the 1990s are rents per square meter: similar to rent-income ratios, we observe a strong increase during the 1990s and stabilization over the last decade. Another reason is changes in the demand patterns of households. Over time, we observe a systematic increase in average living space per capita. This increase in demand for living space is concentrated among middle income earners. Among households in the first decile of the income distribution there was no such increase in living space. Second, rent-income ratios systematically vary with needs-and inflation-adjusted household income. That is, the ratios decrease with equivalent income at a decreasing rate. The same holds for net household incomes and the relationship between rent-income ratios and the percentiles of the equivalent income distribution. This convex pattern is relatively robust over time.
However, the rent-income ratio of a household with a particular income today is systematically higher than 20 years ago. Third, regression analysis shows that households with more members profit from economies of scale in living space. This is especially true for poor households, which need to spend more on basic needs without economies of scale like food and clothing.
The remainder of the paper is structured as follows. Section 2 describes our data source and explains the data preparation. Section 3 provides results of the descriptive analysis. Section 4 summarizes the results of our regression analysis, and Section 5 concludes.
2 Data and data preparation
Database and construction of the working sample
The German Socio-Economic Panel (SOEP) provided by the German Institute for Economic Research serves as our database. The SOEP is a multidisciplinary, wide-ranging representative longitudinal 1 The proportion of people spending more than 30% of their income on rent is another common measure for the rent burden in the US besides the rent-income ratio.
3 study of private households in Germany. The SOEP provides household-and personal-level data going back to 1984 on an annual basis. In 1990, even before the new Laender joined the economic, social, and currency union, the sample was expanded in order to include households of the former German Democratic Republic. The survey sample is constantly adjusted to represent current social developments and therefore also covers foreigners and recent immigrants to Germany. The variable spectrum ranges from socio-economic to demographic, socio-psychological, and political questions.
The sample size increased from approximately 6,000 in 1984 to 12,000 households in 2012.
Our period of analysis starts after German reunification (1992) and ends with the most recent SOEP wave in 2012. Our working sample is restricted to tenants in private households, so that individuals in owner-occupied housing, whether apartments or houses, are excluded. Further, we have excluded households with missing information in variables relevant for our analysis (i.e., rent, size of home, household net income, region, and household composition).
We also eliminate implausibly high rent-income ratios by replacing observations with a value larger than the 99 th percentile by the value of the 99 th percentile in each year. The wave-specific working sample sizes are summarized in Appendix A.
Definitions of core variables
In order to assess households' monetary burdens for rent, we compute households' rent-income ratios: gross rent (rent plus utility costs and excluding heating costs) relative to net household income:
(1) rent-income ratio = gross rent (excl. heat) net household income 
Empirical Analysis
Rent-income shares are analyzed in two steps. First, we provide descriptive inter-temporal information on rent income shares and potential determinants like home size and household size.
Second, to isolate the role of each determinant, we study relationships in a regression analysis.
Descriptive analysis
Particularly in the early years after reunification, housing markets and income levels in the new and old Laender differed substantially. I.e., in the 1990s, both disposable incomes and rents per square meter were markedly lower in the new than in the old Laender. 
Figure 3 -Equivalent and net incomes
We now turn to the first element of the numerator of rent-income ratios: rent per square meter. The patterns are similar in urban areas and rural areas as can be seen in Figure A1 , and also for households below the poverty line ( Figure A2 ).
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Another potential driver of the rise of rent-income ratios is the change in demand for living space. The rapid increase in flat size per capita, particularly in the new Laender, is a result of a marked decrease in the average number of household members (see Figure 7 ). Since 1992, the average number of household members has decreased in the old Laender from about 2.0 to 1.85. The decrease is more pronounced in the new Laender, where we find that the average number of household members has dropped from 2.2 to 1.7.
Note. The solid line relates to western Germany and diamonds to eastern Germany. 95% confidence bands are colored in grey. Data source: SOEP v29.
Figure 7 -Average number of household members
Most important for our understanding of housing affordability is the relationship between rentincome ratios and equivalent net income. The higher the ratios are at the bottom of the equivalentincome distribution, the more difficult is it for low-income households to meet their housing needs.
Figure 8 provides rent-income ratios along the distribution of equivalent incomes for three years (1992, 2002, 2012) . Lighter shades of gray represent more recent years. We restrict the sample to households with an equivalent income higher than €500 and lower than €4,000 to avoid wide confidence bands at both tails of the income distribution due to too few observations.
The share of household income spent on rent decreases in equivalent income. This pattern is present in Germany in general irrespective of region or household composition. The analysis is performed not only for new and old Laender independently but also on different regions (rural, undergoing urbanization and cities) and living arrangements. We can also see that the curves of 2002 and 2012
lie almost on top of each other (Figure 8 ). This means that the rent-income ratio across the entire income distribution has hardly changed during this period. However, there was a significant increase between 1992 and 2002, especially in the new Laender. As the shift of the curves is almost parallel up to an income of €2,500 in both parts of Germany, we can conclude that the increase has been equally distributed across these households. 5 Figure A5 provides rent-income ratios for urban and rural regions in the new and old Laender. The rentincome ratio in cities in the old Laender is slightly higher than in the new Laender for incomes above €2,000.
For rural regions, the increase between 1992 and 2002 was largest in the new Laender -about 100%. In rural regions in the old Laender, this change has been rather low. Figure A6 shows rent-income ratios of households who recently moved into new homes (up to five years ago). The patterns are similar to those for the entire population of tenants. Therefore the results from Figure 8 cannot be driven entirely by old tenancy agreements. Figure 9 provides the rent-income ratio by equivalent income, distinguished by household compositions and region of residence. For all household types, we find the aforementioned negative relationship between rent-income ratio and equivalent income. However, the strength of the relationship hinges on the household type. It is stronger for couples (with or without children) than for singles, suggesting that housing demand is more income-elastic for singles than for families. For small low-income families the elasticity is rather low, most likely because their opportunities to further downsize living space are limited. This is in line with our previous result that the demand for living space of low-income households has changed little over time. For equivalent incomes above €1,000, rent-income ratios are slightly lower for couples and families than for singles, indicating that multi-person households spend relatively less on rent and more often make use of economies of scale in living space. In the new Laender, these patterns are similar in recent years, but we observe lower levels for families with two or more children. However, in the new Laender, we obtain large confidence bands due to the small number of observations. 
Regression analysis
Regression model
We econometrically investigate rent burdens by a standard OLS fixed effects model (3) with robust standard errors:
where denotes the dependent variable, and 2 denote years since 1992 and years since 1992 squared as a continuous variables, the fixed effect of household and the error terms. Vector
x denotes a vector of explanatory variables on the household's region, household composition, and income in units of 1000 Euro in our baseline regression.
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The two most common methods to model the individual effects in linear panel data models are random or fixed effects. We have implemented a Hausman test, which indicates that the randomeffects estimation is not a valid alternative.
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In order to further control for changing effects of the explanatory variables over time we later extend the baseline regression model by interaction terms of the indicating variables and a continuous time variable,
In order to identify effects of housing characteristics we perform a third specification including housing characteristics but excluding household compositions. Included housing characteristics are building type, flat size, and the existence of a balcony or garden and their interaction terms with time. All included explanatory variables except urbanization are highly significant for all three populations.
Regression results
We first comment on the results for the overall sample of tenants. Ceteris paribus, rents of households in cities are about €30.5 higher compared to households living in villages. Compared to the one-member benchmark household type in our regression, larger households have higher expenditures for rent. However, household-type specific coefficients are always smaller than the regression constant, which can be interpreted as the minimum expenditure for the one-member household, suggesting that multi-member households benefit from economies of scale in housing. 6 However, for completeness we provide the results from random effects estimations in the Appendix (Table   A6 ).
14 The coefficient for household income indicates that housing is inelastic with respect to income: increasing household net income by €1,000 increases rent expenditure by a moderate €31. This relationship is consistent with the declining rent-income ratio in income from the descriptive analysis. 7 Over time, expenditures on rent increase at a decreasing rate. A regression with year dummies confirms this pattern and shows that it peaks in 2005 (see Table A5 ). The coefficient for years since moving indicates that households that spend more years in the same flat pay lower rent.
The region-specific estimations reveal some regional peculiarities. Consistent with the descriptive analysis, we find higher expenditures on rent in the old Laender (see regression constant) and a stronger sensitivity of the expenditures with regard to living area (city) and household composition.
However, the income elasticity and also the inter-temporal rise in expenditures are stronger in the new Laender. Table A4 shows that this extra amount spent for rent with every 1,000€ household income decreases across the income distribution. This is due to the fact that high income households already have satisfied their demand for proper living space.
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( Table 2) . Those coefficients of household composition which are significant are positive, implying that the relationship has intensified over time. The interaction term of living in a city is negative for Germany as a whole which implies that this fact becomes less important over time. In order to see whether rent varies systematically with certain household amenities, we include such amenities as explanatory variables. Particularly, we extend the set of explanatory variables from equation (3) by:
1. Building-type-specific dummies (base category: detached house)
2. Terrace/balcony dummy 3. Garden dummy
Home size in m²
All additional explanatory variables are significant except from the garden dummy and dummies for large and unspecified building types (Table 3) . Again, we first focus on the sample for all tenants. The inclusion of housing characteristics instead of household compositions does not change general patterns for time, level of urbanization, and income. The coefficient for home size indicates that square meters alone account for less than 50% of the rent prices: increasing the home size by one m² increases the price only by €3.7, which is far below the average rent per square meter depicted in Figure 4 . Flats with a terrace or a balcony are about €43 more expensive on average, suggesting that these are typical features of more valuable living space. Compared to a detached house, all other building types except high-rises translate into a higher rent-income ratio notwithstanding the controls for region undergoing urbanization and city. The region-specific estimations show that home size, terrace/balcony, and large building types have a larger effect on the rent in the old Laender, suggesting that rent prices in the new Laender are set more heterogeneously. 
Robustness checks
One may argue that controlling for household income in the regression analysis biases the coefficients for household compositions downward: for a single, €2,000 net household income provides a quite comfortable financial situation, allowing the single to invest in a larger or more luxurious apartment, whereas for a couple, €2,000 might not result in the same situation. To account for this fact, we replace the household income by equivalent household incomes (Table A7 ). As expected, coefficients for household compositions become larger.
Conclusion
After a rapid increase during the 1990s, the average rent-income ratio has remained relatively stable at a level of about 27% during the last decade. Only in the new Laender has there been a slight increase of about two percentage points. Also for poor households, the ratio stabilized but on a significantly higher level of approximately 40%. At the same time, we observe a decreasing number of household members and increasing trend in home size, both in absolute terms and per capita. This increase in demand for living space is concentrated in the middle of the income distribution. Poor households in western Germany do not show an increasing demand for living space, which can explain the stable rent-income ratio for those households. In the new Laender, the demand for living space increased for poor households as well. However, we still observe a stabilization of the rentincome ratio for these households because prices per square meter decreased.
By analyzing the determinants we find that the rent-income ratio is negatively correlated with income. The relationship between rent-income ratio and equivalent income is convex. In other words, the share of income spent for rent decreases at a decreasing rate with rising income. For nonsingle households the curve is steeper than for singles, indicating that non-single households need more space in the first place but then profit from economies of scale and are able and willing to spend less on shelter. In our regression on housing characteristics, we find that the effect of home size on total rent payments lies far below the average price per square meter. This implies that there are other ways of saving on rent besides cutting back on size such as making sacrifices in regard to comfort or neighborhood.
Urbanization has different effects on the rent-income ratios in eastern and western Germany: Living in cities or regions undergoing urbanization compared to rural areas is more expensive in western
Germany and less expensive in eastern Germany, where the difference is only significant for western German cities.
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Overall we cannot conclude that housing has become less affordable in Germany during the last decade. Trends were driven by an increasing demand for living space. However, poor households already need to spend a remarkably high share of their income on rent and do not seem to be able to spend more. The rent-income ratio does not reveal whether poor households had to move to cheaper, more affordable, but less attractive places. Moreover, rising energy costs add to the stable rent-income ratio and therefore may have caused rising shelter-related cost ratios for those households. Both of these topics may be object to further research. 
